Abstract Development of microbial inoculants from rhizobacterial isolates with potential for plant growth promotion and root disease suppression require rigorous screening. Fifty-four (54) fluorescent pseudomonads, out of a large collection of rhizobacteria from broad bean fields of 20 different locations within Imphal valley of Manipur, were initially screened for antifungal activity against Macrophomina phaseolina and Rhizoctonia solani, of diseased roots of broad bean and also three other reference fungal pathogens of plant roots. Fifteen fluorescent pseudomonas isolates produced inhibition zone (8-29 mm) of the fungal growth in dual plate assay and IAA like substances (24.1-66.7 lg/ml) and soluble P (12.7-56.80 lg/ml) in broth culture. Among the isolates, RFP 36 caused a marked increase in seed germination, seedling biomass and control of the root borne pathogens of broad bean. PCR-RAPD analysis of these isolates along with five MTCC reference fluorescent pseudomonas strains indicated that the RFP-36 belonged to a distinct cluster and the PCR of its genomic DNA with antibiotic specific primers Phenazine-1-carboxylic acid and 2, 4-diacetyl phloroglucinol suggested possible occurrence of gene for the potent antibiotics. Overall, the result of the study indicated the potential of the isolate RFP 36 as a microbial inoculant with multiple functions for broad bean.
Introduction
Broad bean (Vicia faba L.) is an important winter vegetable legume of North-East India and considered as a meat and a skim milk substitute in diet for its high protein and nutritional quality [1] . It responds to application of nitrogenous and phosphatic fertilizer and produces higher yield. However, high cost of fertilizer and related environmental issues are some of the general constraints in increasing its production through application of high dose of fertilizer. Widespread incidence of damping off and root rot diseases is another constraint in successful cultivation of this crop. High relative humidity in atmosphere and heavy texture soils of the region make the plant highly susceptible to Macrophomina phaseolina and Rhizoctonia solani, which are destructive soil-borne plant pathogens associated with damping off and root rot diseases of broad bean. On a global scale, M. phaseolina and R. solani have been reported to be associated with more than 500 plant species [2] . As such, these pathogenic microorganisms are major and chronic threat to food production and ecosystem stability world wide [3] . In North East India, use of pesticide to control these diseases in broad bean is not a common practice but in the season of severe incidence, particularly under wet soil conditions, the damage of crop due to the disease may be total. Under wet soil conditions, chemical control of soil borne pathogen is reported to be less effective. Chemical control is also not desirable due to adverse impacts of pesticides such as development of pathogen resistance, decline in number of non-target beneficial microorganisms in soil and hazards to human health [4] . Under such circumstances, organic inputs such as microbial inoculants hold promise in control of disease and promotion of growth of broad bean in farmers' field. In general, biological control has been considered as an alternative or a supplementing way of reducing use of chemicals in agriculture [5, 6] . Several rhizobacterial strains have been successfully exploited elsewhere in control of damping off and root diseases of several crops [7, 8] and in management of nutrient under sustainable crop production [9] [10] [11] . The mechanisms by which beneficial rhizobacteria promote plant growth may be through production of phytohormone such as IAA [12] , antibiotic like substances [13] , suppression of deleterious rhizobacteria [14, 15] , solubilization of insoluble phosphate [16] and induction of systemic resistance [17] . Therefore, use of rhizobacteria with multiple mechanisms can serve as microbial inoculants in organic method of crop production.
Although, exotic strains of rhizobacteria may be effective in growth promotion and diseases control, molecular technique based evidence suggest that genotypes of beneficial bacteria may be endemic to a biogeographical region [18] . The endemic bacterial pool of a region may contain highly efficient genotypes and is likely to perform better than the exotic strains. By virtue of its being in the IndoBurma diversity hotspots, Imphal valley is likely to harbour useful microorganisms and to our knowledge there is no previous research done on exploitation of beneficial microorganisms of crop rhizosphere in the valley. In this research, our objective was to isolate and screen rhizobacteria of broad bean grown in the Imphal valley of Manipur for their effectiveness in promotion of growth and control of the damping off and root rot diseases of this crop.
Materials and Methods

Isolation of Fluorescent Pseudomonads and Fungal Pathogens
Twenty broad bean field sites were selected at different locations representing entire Imphal East and Imphal West valley zone of Manipur within Indian region of IndoBurma diversity hotspot of the world for collection of rhizosphere sample. From each site, 4-5 broad bean roots along with the rhizosphere soils from both healthy and infected plants were randomly selected and uprooted during the winter seasons of [2003] [2004] . The samples were carried to the laboratory and stored in the freeze (4°C) prior to isolation of rhizosphere bacteria. The measured quantity of roots and the rhizosphere soils were transferred to conical flasks containing 100 ml sterile water and shaken at 120 rpm for 30 min. The suspensions of the samples were serially diluted up to 10 -4 . One ml was pour plated on King's B agar medium. Subsequently, the fluorescent colonies were purified by streaking. The purified isolates were maintained in glycerol stock at -20°C. Fungal pathogens were isolated from soil and root samples and identified as M. phaseolina and R. solani based on morphological parameters such as sporangial shape and sexual organs observed under a light microscope [19, 20] .
Screening of Fluorescent Pseudomonas Isolates for Inhibition of Fungal Pathogens
The bacterial isolates were screened in vitro for inhibition of M. phaseolina and R. solani obtained from broad bean field along with three other fungi associated with damping off (reference fungal strains, namely Fusarium oxysporum-248, Aspergillus fumigatus-5175 and Sclerotinia sclerotiorum-5575 obtained from IARI, New Delhi), using dual plate assay. Fresh cultures of M. phaseolina and R. solani were grown in PDA medium (Potato infusion-200; Dextrose-20; agar-18 (g l -1 ). A plug from the growing edges (5 mm diameter) of the M. phaseolina and R. solani colony was placed in the centre of a fresh plate. The bacterial isolates were grown overnight, spotted along the periphery of 90 mm diameter petri disc equidistant from the mycelial plug. These plates (4 replicates) along with the uninoculated control were incubated at 30°C for about 72 h or until the leading edge of the fungus reached the edge of the plate. Antibiosis was assessed by measuring the diameter of the mycelial growth of M. phaseolina and R. solani alone and in presence of the bacterial isolate.
Assessment of Plant Growth Promotion In Vitro and Determination of IAA like Substances and Soluble P in Broth Cultures
Plant growth promotion (PGP) ability of the isolates was assessed in vitro in test tubes by agar slants methods. Surface sterilized broad bean seeds were inoculated with centrifuged pellets of the isolates separately and allowed to grow and root and shoot length of 10 day old plant measured. PGP attributes such as production of IAA like substances and solubilization of P of fifteen promising isolates were determined in broth cultures using standard protocol [21] . Test bacterial cultures were inoculated in 50 ml flasks containing LB broth with tryptophan (2 mg/ml) and incubated at 28 ± 2°C for 3 days. Cultures were centrifuged at 3000 rpm for 30 min. Two mililiter supernatant was mixed with two drops of orthophosphoric acid, 4 ml of Solawaski's reagent: (50 ml, 35% perchloric acid, 1 ml 0.5 M FeCl2, incubated for 30 min. in dark and optical density (O.D) of the pink color was read at 530 nm using spectrophotometer. The level of IAA in culture filtrates was estimated from a standard graph obtained using graded concentration between 0 and 100 ppm IAA (Sigma). The phosphate solubilizing activity was determined in Pikovskaya's broth (PK). In PK broth, tricalcium phosphate (TCP) was used as the insoluble phosphate and cultures were grown in an incubator shaker at 30°C and 120 rpm speed. Soluble P-content in cell free extract was determined using Bray's reagent [22] .
PCR-RAPD
Genomic DNA of each of the fifteen promising isolates along with the five reference strains (from MTCC, IMTECH, Chandigarh) were isolated and subjected to RAPD analysis by PCR-RAPD methods [23] , using seven oligonucleotide primers (OPA-1, 2, 4, 18, 20, OPD-2 and 5), separately. The reactions were carried out in final volume of 25 ll containing 19 PCR buffer, 1.5 mM MgCl2, 800 lM dNTPs and 1.0-2.0 units Taq DNA polymerase. The reaction mixtures were incubated in a thermocycler at 94°C for 2 min. These were then subjected to 45 cycles consisting of 94°C for 45 s, 37°C for 1 min and 72°C for 2 min.
PCR of Genomic DNA with Gene Specific Primers
To determine whether the genomic DNA of the strain gets amplified with gene specific primers for known antibiotics, Phenazine-1-carboxylic acid and 2,4-diacetyl phloroglucinol produced by the effective biocontrol strains, PCRs were carried out with primer sequences of PHZ1 5 0 GGC GAC ATG GTC AAC GG 3 0 , PHZ2 5 0 CGG CTG GCG GCG TAT AT 3 0 and BPR3 5 0 GGT GCG ACA TCT TTA ATG GAG TTC 3 0 , BPR4 5 0 CCG CCG GTA TGG AAG ATG AAA AAG TC 3 0 [24, 25] . The PCR cycling conditions were as per standard protocol [26] . PCR amplified DNAs were detected by running in 1.5% agarose gel.
Evaluation of Effect of RFP-36 on Broad Bean in Pot
The effect of the isolate RFP-36 on broad bean was evaluated in pot experiment. Inoculum of the culture was produced in 250 ml LB broth under continuous shaking for 24 h on a rotary shaker at 120 rpm and 30°C. Optical density of the broth was adjusted between 0.3 and 0.5 at 600 nm to obtain a cell concentration of 10 9 cfu/ml. The standardized broth culture was then mixed with 1% carboxymethyl cellulose (CMC) for uniform bacterization of the broad bean seeds. Seeds of the susceptible local variety (Mamit amubi) were surface sterilized with 0.1% HgCl2 for 5 min and rinsed repeatedly for 5 times with sterile dist. H 2 O. Fifty sterilized seeds were placed in the broth culture and 1% CMC mix and incubated for 30 min for uniform adherence of the bacteria on seed surface. Control treatment seeds were treated with the mixture of uninoculated broth and 1% CMC. Both bacterized and control seeds were air dried overnight at room temperature. Inocula of M. phaseolina and R. solani were prepared by incubating mycelial growth in pre-sterilized oat grain for 7 days at 30°C. Fungal inocula were mixed with soil to a level of 10 5 cfu/g soil. Pot experiments were performed for consecutive two seasons. The treatment combinations of the pot experiment were (i) control (ii) RFP-36 (iii) RFP-36 ? M. phaseolina (iv) RFP-36 ? R. solani (v) M. phaseolina (vi) R. solani. Each treatment had six replicate pots. Seeds were planted at a depth of approximately 1 cm from the surface of sterilized soil in earthen pots (25 9 25 cm). Germination of seed was recorded on tenth day after seedling. Plants were watered daily. At 60th day after seeding, shoot and root length and biomass of seedling were measured. Percentage of disease incidence (%DI) was calculated at 30th day by using the following formula,
Statistical Analysis
The ANOVA approach was used to evaluate the efficiency of rhizobacterial isolates for P-solubilization and IAA production in broth cultures and growth promotion of broad bean. Comparison among means of treatments and appropriate control were made at P = 0.05. Pool data of the green house experiments of two consecutive seasons were subjected to ANOVA. Standard deviations of replicate values of zone of inhibition in dual plate assay were calculated only for the antagonized fungus.
Results and Discussion
Antagonistic plant-associated bacteria (APB) are an important functional group of beneficial bacteria responsible for the control of soil-borne fungal pathogen [27] . Occurrence of PGP attributes in APB may reinforce their effectiveness as microbial inoculants. In this study, a large Fig. 1 ). In earlier dual plate assay, inhibition zone of 5 and 10 mm were recorded in case of M. phaseolina and R. solani by Pseudomonas auruginosa RsB29 [27] . The indigenous FPIs were not as effective in inhibition of the reference fungal pathogens used in this study. Interestingly, the reference fluorescent Pseudomonas strains (FPSs) were not effective in suppression of either the fungal pathogens of broad bean roots or the other reference plant root pathogen. Inocula of the 15 indigenous FPIs and the reference FPSs stimulated growth of root and shoot of broad bean grown in test tubes compared to the uninoculated control, although the reference FPSs were not as effective as the superior indigenous FPIs. Highest level of growth stimulation was observed due to inoculation with the isolate RFP-36 followed by RFP-44 (Table 2 ). These two isolates also produced significant level of IAA like substances and soluble P in culture filtrate of PKA broth media supplemented with tryptophan and TCP. Level of IAA like substance ranged from of 24.1-66.7 lg/ml culture filtrate (Table 2) . Earlier studies reported level of IAA in vitro to vary from 3.6 to 11.8 ppm in case of fluorescent pseudomonas of pea rhizosphere [28] , and 2.0-21.6 ppm in rice rhizospheres [10] . Similarly, in previous research, range of soluble P was found to vary from 1.38 to 15.7 ppm in culture filtrates due to inoculation with fluorescent pseudomonas from different crop rhizosphere [29] . However, in none of these studies a clear correlation between these attributes and plant growth stimulation has been observed. In our study also, there was no significant correlation between these attributes and plant growth stimulation. Plant growth is stimulated by many other factors besides PGP parameters of microbial inoculants. Nevertheless, based on the PGP attributes, antagonisms of root fungal pathogen in vitro and broad bean growth in agar slants, clear evidence was obtained that the endemic pool of rhizobacteria of broad bean fields of Imphal valley contain FPIs which were superior than exotic reference FPSs. Earlier, Cho et al. [18] provided molecular technique based evidence on occurrence of certain degree of endemicity among FPSs in soils of biogeographical regions of the world. Our results suggest that endemic strains may also vary in functional properties for potential utility of superior isolates in local inoculum development programme. PCR-RAPD data also indicated distinctness of the indigenous FPIs and the reference FPSs of this study. Out of the four RAPD markers used in PCRs, only the primers OPA-4 generated discernable multiple band in 1.5% agarose (Fig. 2a) and the resultant dendogram (Fig. 2b) showed majority of the indigenous FPIs in one group of clusters and the remaining in another group along with the reference FPSs. Out of the 15 isolates, RFP-36 was found to be the most effective inhibitor of M. phaseolina and R. solani in vitro (Table 1) and it also separated into a distinct cluster in the dendogram (Fig. 2b) . In some recent publication, it has been suggested that specificity of individual biocontrol bacteria in control of specific soil pathogen is linked to unique genetic machinery mediated functional properties [30] . Therefore, molecular mechanism of effective antagonism of RFP 36 against the two notorious soil borne pathogen need to be investigated in future research. RFP-36 was found to be very effective on broad bean in in vitro experiment. The two pathogens adversely affected seed germination, reduced shoot and root length and subsequently plant biomass also reduced significantly, as compared to the plants in the uninoculated control treatment. As expected, RFP-36 increased seed germination and seedling biomass of broad bean significantly. This isolate could also reduce the adverse effect of M. phaseolina and R. solani on plates of dual inoculated pots (Table 3) . Seedlings (unbacterized) in M. phaseolina and R. solani infested soil developed distinct symptoms of charcoal rot and root rot diseases. In the pathogen inoculated pot, % disease incidence was 52 and 58% for M. phaseolina and R. solani, respectively and % disease incidence decreased to 27 and 25% due to bacterization of seeds with RFP-36. These pooled data of two consecutive experiments clearly indicated that the RFP-36 could exhibit PGP and biocontrol potential against M. phaseolina and R. solani in soil where the indigenous microflora was eliminated by autoclaving. It will be interesting to observe whether the isolates exhibit similar effect in unsterilized soil in presence of indigenous microflora.
There are volume of literature on plant growth promotion by beneficial bacteria [31] and quite a few on biocontrol potential of fluorescent pseudomonas. Research work on screening fluorescent bacteria with multiple functions is relatively less [32] . Limited data on molecular characterization of our strain in this study suggest that RFP-36 could be a unique isolate. We obtained distinct products mostly for RFP-36 and RFP-44 when PCRs of genomic DNA of the isolates with specific primer sequence for specific antibiotic were carried out. The genomic DNA Fig. 2 of isolate RFP-36 showed PCR products with primer sequence for 2,4-diacetyl phloroglucenol and for phenazine-1-carboxylic acid and similarly RFP-44, another efficient biocontrol isolate of our collection, also showed bands from PCR with specific primer for phenazine-1-carboxylic acid. Reference strain MTCC-2759 also showed bands although faintly with specific primers for phenazine-1-carboxylic acid (Fig. 3) . However, antifungal activity of MTCC -2759 was observed to be much less when compared with the two local strains. This result suggests that the two local isolates might possess genes related to the two antibiotics. Earlier, Zhang [33] reported positive results from PCR of genomic DNA of few pseudomonas isolates with PHZ1/PHZ2 primers. However, we could not use a control strain positive for PCR with PHZ1/ PHZ2 primers, in our study, to draw final conclusion on related gene for the bioactive principle in the strain. More research on performance in field situation and characterization of the superior isolates and the bioactive principles against the pathogens is currently under progress. 
